P
Tra ?”‘@4‘;“

: ‘
é)uen,ﬂt

ne.

ISSN : 0974 - 7478 Volume 10 Issue 1

Macromolecules

A Jndian Joaraal

— Ful] Paper

MMAIJ, 10(1), 2014 [18-22]

A novel approach to synthesize carboxymethyl guar gum via
friedel craft acylation method

Jay J.Patel, Mandar Karve, Nirmal K.Patel*
Department of Industrial Chemistry, I nstitute of Science& Technology for Advanced Sudies& Research,
V.V.Nagar-388120, Gujarat, (INDIA)
E-mail : drnirmalpate @yahoo.com

ABSTRACT

Carboxymethyl guar gum (CMGG) synthesized via Friedel Craft Acylation
using FeCl, and AICI, as Friedel Craft catalyst. Also the effect of phase
transfer catalyst tetra ethyl ammonium bromide (TEAB) on the degree of
substitution (DS) was monitored. The reaction parameter like temperature,
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reaction time etc. was optimized. The DS of reaction product was measured
by Amberlitel RA 96 anion exchangeresin. Maximum DS of 0.7 was obtained.
CMGG wascharacterized by Fourier Transform Infrared spectroscopy (FTIR).
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INTRODUCTION

Guar gum (GG) isgad actomannan, extracted from
the ground endosperm of cyamopsi stetragonol obus,
isahighmolecular weight hydrocollodid hetero polysac-
charide composed of galactose and mannose units,
which arelinked by glycosidic bondg*2.

Thegenera structureof guar gumisasshownin
Figure 1, which consistsof alinear backboneof 3 (1,
4) —linked D-mannaose unitswith variousamountsof o
(1,6) — linked D- gal actose side chains. Themannose
to gdactoseratiois2:1. Theaverage molecul ar weight
of guar gum is between 220,000 - 300,0007. Guar
gumissolubleinwater but insolublein hydrocarbon,
fats, dcohoal, esters, and ketones®. Thesolution of guar
guminwater hasthe highest viscosity amongst all the
natural polysaccharide discovered till the date®. Fur-
ther it hasbetter biodegradability and bio-compatibility
compareto other natura polysaccharides. Duetothese

propertiesguar gum findsapplicationsinindustrieslike
mining, textiles, explosives, paper, petroleum, cosmetic
industry, food industry etcl*®. GG were cost effective,
nontoxic, noncorrosive, ecofriendly and abundantly
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Figurel: Sructureof guar gum


mailto:drnirmalpatel@yahoo.com

MMAIJ, 10(1) 2014

Nirmal K.Patel et al. 19

availablebiopolymer. Further the biodegradability and
bio-compatibility of guar gum encouragethe research-
ersforitsusein pharmaceutical industries.But dueto
the uncontrollableviscosity of the guar gum solution,
uncontrollablerateof hydration, instability of itssolu-
tionsfor longer timeand susceptibility to microbia con-
tamination regtrictsitsusein pharmaceutica industried™®
14]

To overcomethese draw back guar gum should be
chemicdly modified. Modified guar gum by oneor more
reactions like, depolymerization, oxidation,
hydroxyakylation, cyanoethylation, quarternizationand
sul phation was reported®>19, GG derivativeslike O-
(2-hydroxyethyl), O-(2-hydroxypropyl) werereported
but thisfailsto moreor lessextent in gettingusedin
pharmaceuticd industriesdueto theintroduction of sub-
gtitutesgroupsto the gal actomannan polymer whichin-
creased branching and entanglements and therefore
higher viscosity!®. Modified natura polysaccharideslike
carboxymethyl cellul ose, carboxymethyl starch finds
applicationin pharmaceutical industries?2Y,

Other natural polysaccharides were
carboxymethylated by conventional method using
NaOH and Na-salt of chloroacetic acid???!. In or-
ganic chemistry no.of compound synthesize by well-
knownFriedel Craft reaction, usingAlCl, and FeCl  as
catalyst.But there was no work reported on
carboxymethylation of natura polysaccharideviaFriedd
Craft acylationreaction. There so, wesynthesized car-
boxymethyl guar gumviaFriedd Craft acylation reac-
tionusingAICl, and FeCl  ascatadyst. Thereactionwas
carried out in heterogeneous phase, so quaternary salt
of anmoniawas used as phasetransfer catalyst.

There so, in the present work guar gum was
carboxymethylated by Friede craft acylation methods
by usingAlCl, and FeCl, asaFriedd craft catdyst, while
tetraethyl ammonium bromide used as phasetransfer
catalyst. Effect of AICI,,and FeCl,, onreactionwasstud-
ied. Theeffect of time, temperature, solvent werea so
studied and compared with other conventional method
to synthes zed CM GG wered so studied.

EXPERIMENTAL

Materialsand methods
Guar gum, acetyl chloride, ferricchloride, duminium
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chlorideand tetraethyl ammonium bromidewere pur-
chased from Sigma- Aldrich. Solventslikeethanol and
iso propyl acohol were of A.R. grade. All other re-
agentswereof LR grade.

Carboxymethylation of guar gum

Guar gumwas carboxymethylated by Friedel craft
acylation method by using two different catalyst viz.
FeCl.,, AlCL,, phasetransfer catalyst liketetraethyl am-
monium bromideand iso propyl a cohol asasolvent.

Friede craft acylation

Purified guar gumwasdispersedin 150 ml of iso
propyl acohol, in 250 ml round bottom flaskflask
equipped with amagnetic stirrer. After thegum was
well dispersed, catalyst AlCl, and the phase transfer
catalyst tetraethyl ammonium bromidewas added. Af-
ter that acetylating agent (acetyl chloride, 5 ml) was
added and thereaction iscontinued at room tempera
turewith constant stirringfor 5 hrs. After completion of
reaction carboxymethyl guar gum was preci pitated with
the help of methanol and the preci pitated product was
purified.

Purification of modified guar gum

Theinsoluble CMGG initsacidicformwasdia
lyzed againgt distilled water for 3days. Thesuspension
was preci pitated with ethanol washed with solvent ex-
change (ethanol, acetone, ether) and dried under re-
duced pressure.

Degreeof substitution in modified guar gum

Thedegreeof subgtitution (DS) istheaveragenum-
ber of sodium carboxymethyl groups bound per
anhydroglucose unit. Thismethod isused to determine
thenumber of substituent groupsadded to the guar gum
backbone. From the DS one can find how many hy-
droxyl groupsisconverted into carboxymethyl groups.
Degree of substitution markedly affectsthe properties
of thecompound.

1 gm. of CM GG was dissolved in known amount
of water. Then this solution was passed through regen-
erated Amberlite IRA 96 anion exchange resinno. of
timestill it become acidic. Then the solution wasdi-
vided into two equal partslabeled as solution 1 and
solution 2. The exhausted resin was regenerated by
passing 1 N HCI solution (3-4 times) followed by wash-
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ingwith distilled water to removeany excessacid.
Solutionlwastakeninto previoudy weighed begker.

Evaporatewater by heating on ahotplateand cool itinto

desiccator and weighit again. Find theweight of residue

|eft inthebeaker. Find out concentration by evaporation.
Solution 2 wastitrated against astandard solution

of NaOH. Notedown the burette reading and find out

the degree of substitution by following equation.

0.162 B

DS=—————
1—0.58B
h B-= Volume of 1N NaOH used
Where, Weight of sample

Char acterization of modified guar gum

Theresulting productswere characterized by FTIR
spectroscopy using Perkin Elmerspectrum GX instru-
ment, by the K Br pallet method.

RESULT AND DISCUSSION

Carboxymethyl guar gum (CMGG)

Carboxymethylation of guar gumisaconsecutive
two-step reaction proceeding with a generation of
anacyliumion. Theacyliumionisformed by there-
mova of hdideby the Lewisacid catalyst AICI.. This
acyliumionreactswith free hydroxyl group of guar gum
to generate carboxymethyl guar gum.

Effect of catalyst
Effect of catalyst on DSwastabulated in TABLE

1. It can be concluded from thetablethat high DSwas
obtained by using AICl ,compared to FeCl , ascatalyst.

TABLE 1: Effect of catalyst on DS

Catalyst Degree Of Substitution
AlICl; 0.7
FeCl; 0.5
Effect of time

The effect of time on reaction was tabulated in
TABLE 2. Reactionwascarried out for 4, 5and 6 hrs.
Themaximum DSwas obtained by carrying out reac-
tionfor 5 hrs. usngAlCl, ascatalyst.

TABLE 2: Effect of time

Time(in hrs) Catalyst DS
4 AICI3 0.31

FeCl3 0.20

5 AICI3 0.7

FeCl3 0.58

6 AICI3 0.65

FeCl3 0.44

FTIR analysis

The IR spectrum of guar gum and carboxymethyl
guar gumwas shown in Figure 2 and Figure 3 respec-
tively. The IR spectrum of carboxymethyl guar gum
shown areduced intensity of the absorption band |o-
cated at 3439 cm?, ascompared to guar gum IR spec-
trum dueto-OH isstretching, indicating that some-
OH group were carboxymethylated. The C-O sym-
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Figure2: IR spectraof GG
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Figure3: IR spectraof CM GG

metrica and asymmetrica and vibrationsat afrequency
of 1090.67 cm™* and 1156.06 cm* confirmstheincor-
porétion of thecarboxymethyl group ontotheguar gum
molecule, whichisabsent inthe guar gum spectra.

CONCLUSION

The carboxymethylation of guar gum carried out
successfully viaFriedel Craft acylation reaction. Maxi-
mum DS of 0.7 was obtained carrying reaction for 5
hrs. usngAlICl, catalyst. Carboxymethylationimproves
the propertiesof guar gum especialy, rate of hydration,
viscosity and susceptibility tomicrobia contaminations.
Thismodified guar gum findsitsapplicationinthe phar-
maceutical industry asadrug binder or asadrug car-
rier.
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